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(54) SOLID ELECTROLYTE BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve problems that the 
resistance to ionic conduction among particles is high 
because the contact of crystalline oxide with an active 
substance that is the same crystalline becomes a point 
contact, and further, that the internal resistance of solid 
electrolyte battery which is bonded using amorphous 
oxide is also high and that the utilization efficiency is 
inferior. 

SOLUTION: In the solid-electrolyte battery in which the 
solid electrolyte is pinched and retained between a 
positive electrode and negative electrode that employ an 
oxide as an active substance in which a reversible 
occlusion/ emission of lithium ion is possible, particles of 
the active substance and solid electrolyte are that to 
which amorphous silica is chemically bonded at the 
particle face. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the solid electrolyte cell characterized by an amorphous silica carrying out the 
chemical bond of the particle of said active material and a solid electrolyte at the particle front 
face in the solid electrolyte cell which pinches the solid electrolyte which consists of crystalline 
substance oxide which has lithium ion conductivity between the positive electrodes and negative 
electrodes which use as an active material the oxide in which reversible occlusion emission of a 
lithium ion is possible. 

[Claim 2] The solid electrolyte cell according to claim 1 characterized by said active material 
being at least one kind in a spinel mold lithium manganese multiple oxide, a spinel mold lithium 
magnesium manganese multiple oxide, a spinel mold lithium nickel manganese multiple oxide, a 
spinel mold lithium titanium multiple oxide, a spinel mold lithium niobium titanium multiple oxide, 
and a spinel mold lithium iron titanium multiple oxide. 

[Claim 3] Said solid electrolyte Li1+xMxTi2-x(P04)3[M aluminum or Ga], Li1+x+yMxTi2~xSiyP3- 
y012[M aluminum or Ga], Li1+(4-n) xMxTi2-x(P04)3[— n[ when a univalent or divalent cation 
and M of M are univalent and n= 1 and M are divalent ] = — the solid electrolyte cell according 
to claim 1 characterized by 2 and x being at least one kind in 0.1 - 0.5]. 

[Claim 4] The solid electrolyte cell according to claim 1 characterized by binding the particle of 
said active material and a solid electrolyte with an amorphous oxide. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
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LThis document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the solid electrolyte cell which pinches the solid 
electrolyte which consists of crystalline substance oxide which has lithium ion conductivity 
between the positive electrodes and negative electrodes which use as an active material 
especially the oxide in which reversible occlusion emission of a lithium ion is possible about a 
solid electrolyte cell. 
[0002] 

[Description of the Prior Art] With wonderful development of mobile communications in recent 
years, as a power source of mobile communication equipment, it is small and the need of a 
lithium secondary battery with a high energy density is increasing rapidly. 

[0003] Furthermore, since the energy density of a lithium secondary battery is high, applying to 
the large-sized cell used for an electric vehicle etc. is also examined. 

[0004] However, since the electrolytic solution is used like [ a lithium secondary battery ] other 
cells, we are anxious about the liquid spill which is the greatest factor of the trouble about a cell. 
Especially, in a lithium secondary battery, since the inflammable organic electrolytic solution is 
used, there is anxiety in respect of safety. 

[0005] Then, many attempts which use a solid electrolyte instead of the organic electrolytic 
solution are made. There is a solid polymer electrolyte which made a giant molecule like 
polyethylene oxide dissolve lithium salt, such as LiCI04, in one of the solid electrolytes. 
[0006] However, the present condition of the thing of level by which practical use is presented 
with the interfacial resistance of that the ionic conductivity in the inside of giant-molecule bulk 
is low since movement of a segment is slow at a room temperature, and a giant-molecule solid 
electrolyte and an electrode active material since a giant-molecule solid electrolyte is large is 
having not appeared. 

[0007] Some approaches for reducing the interfacial resistance of a solid polymer electrolyte and 
an electrode active material are also proposed. For example, in JP,8-1 1 1233.A, it has proposed 
using for the particle front face of an active material that to which the chemical bond of the both 
ends or end of a principal chain of a polyether like polyethylene oxide or polypropylene oxide, a 
poly thioether like a polyphenylene sulfide thioether, or polyacrylate was carried out. 
[0008] According to this approach, since a polyether, the poly thioether, or polyacrylate is 
carrying out the chemical bond on the surface of the active material, compared with the case 
where an active material, a polyether, the poly thioether, or polyacrylate is only mixed, the 
lithium ion tends to fall out from the active material front face, and it becomes easy to arrive at 
an active material front face. Therefore, there is an advantage that interfacial resistance can be 
reduced. Even if the volume change of the active material accompanying charge and discharge 
furthermore occurs, since an active material, a polyether, the poly thioether, or polyacrylate is 
carrying out the chemical bond, both contact does not worsen. Therefore, there is an advantage 
that it can control that interfacial resistance increases. 

[0009] However, by this approach, complicated actuation of returning to combining a polyether, 
the poly thioether, or polyacrylate at 120 degrees C for 3 hours is required for an active material 
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front face, and when mass-producing, in order to have to process a lot of active materials, there 
is a fault that a manufacturing cost becomes high. Moreover, there is a fault that the unreacted 
part of a polyether, the poly thioether, or polyacrylate causes the active material and side 
reaction which are oxidation material, and checks a charge-and-discharge reaction. Moreover, 
under the conditions of returning at 120 degrees C, since side reaction also becomes easy to 
occur, a result with sufficient repeatability is hard to be obtained. 

[0010] In order to control the side reaction of the unreacted part of a macromolecule, and an 
active material which is not desirable, in JP,9-97616,A, it has proposed carrying out a 
polymerization in the condition of having made bulking agents, such as titanium oxide, containing. 
According to this approach, since titanium oxide serves as an alternative catalyst to the 
polymerization reaction of a macromolecule, side reaction with an active material cannot occur 
easily, either, therefore there is an advantage that a charge-and-discharge reaction is also hard 
to be checked. 

[001 1] However, since this approach suppresses the reaction of an active material and a solid 
electrolyte, in order that it may reduce the interfacial resistance of an active material and a solid 
electrolyte, when introducing a chemical bond among both, it cannot be applied. Therefore, 
although degradation can be prevented, early resistance has not improved at all about a high 
thing. 

[0012] Thus, since the side reaction which is not desirable occurs between a solid polymer 
electrolyte and an active material, it is difficult to carry out the chemical bond of some 
macromolecules to an active material, and to reduce interfacial resistance. 
[0013] Moreover, since movement of a segment [ in / in a giant-molecule solid electrolyte / a 
room temperature ] is slow, an effective means to solve the problem that the ionic conductivity 
in the inside of giant-molecule bulk is low has not yet appeared. 

[0014] On the other hand, some solid electrolytes in the level in which the ionic conductivity in a 
room temperature rivals 10-4 to ten to 3 S/cm and the organic electrolytic solution are also 
examined. As such a solid electrolyte, an amorphous sulfide is mentioned, for example. However, 
the solid electrolyte cell the amorphous sulfide is chemically unstable and using this has not 
resulted in utilization. 

[0015] Some solid electrolytes which are in the level in which the ionic conductivity in a room 
temperature rivals 10-4 to ten to 3 S/cm and the organic electrolytic solution in a stable 
inorganic oxide chemically are also examined. As such a solid electrolyte, Li1+xMxTi2~x(P04)3[M 
has the lithium ion conductivity crystalline substance oxide expressed with aluminum or Ga], for 
example. Such a lithium ion conductivity crystalline substance oxide is called a common name 
LISICON, and the presentation and synthetic conditions are studied by many researchers. 
[0016] However, since contact to the active material which is similarly a crystalline substance 
turns into point contact, a crystalline substance oxide has the high resistance to the ionic 
conduction between particles, and the present condition is that the solid electrolyte cell of the 
level with which practical use is presented has not yet appeared. 

[0017] Then, this invention person etc. found out wholeheartedly becoming the solid electrolyte 
cell which can operate at a room temperature by binding the particle of the active material of a 
crystalline substance, and a solid electrolyte with an amorphous oxide as a result of research. It 
is thought that the hopping site which needs amorphous oxide for lithium ion conduction is 
offered. 

[0018] However, the solid electrolyte cell bound with the amorphous oxide also had high internal 
resistance, and had the problem that the use effectiveness of an active material was bad. 
[0019] this invention person etc. examined the means for [ of an active material and a solid 
electrolyte ] making it exist in near very much for the hopping site required for lithium ion 
conduction by conjecturing the thing resulting from the contact to oxide and an active material 
with this amorphous cause and contact to amorphous oxide and an amorphous solid electrolyte 
being inadequate in a molecular level and atomic level, and resulted in this invention 
[0020] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, 
according to the solid electrolyte cell concerning this invention, in the solid electrolyte cell which 
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pinches a solid electrolyte between the positive electrodes and negative electrodes which use as 
an active material the oxide in which reversible occlusion emission of a lithium ion is possible, 
the particle of said active material and a solid electrolyte is characterized by an amorphous silica 
carrying out a chemical bond to the particle front face. 

[0021] It is desirable for said active material to be at least one kind in a spinel mold lithium 
manganese multiple oxide, a spinel mold lithium magnesium manganese multiple oxide, a spinel 
mold lithium nickel manganese multiple oxide, a spinel mold lithium titanium multiple oxide, a 
spinel mold lithium niobium titanium multiple oxide, and a spinel mold lithium iron titanium multiple 
oxide in the above-mentioned solid electrolyte cell. 

[0022] In the above-mentioned solid electrolyte cell, said solid electrolyte Li1+xMxTi2-x(P04)3 
[M Moreover, aluminum or Ga], Li1+x+yMxTi2-xSiyP3-y012[M aluminum or Ga], Li1+(4-n) 
xMxTi2-x(P04)3[— n[ when a univalent or divalent cation and M of M are univalent and n= 1 and 
M are divalent ] = — as for 2 and x, it is desirable that it is at least one kind in 0.1 - 0.5]. 
[0023] Furthermore, it is desirable to bind the particle of said active material and a solid 
electrolyte with the above-mentioned solid electrolyte cell with an amorphous oxide 
[0024] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained, the 
sectional view in which ^rayvLngJ shows the example of a configuration of the solid electrolyte 
cell of this invention — it is — 1 — a positive-electrode can and 2 — for the insulating section 
and 5, as for a negative electrode and 7, a solid electrolyte and 6 are [ a positive-electrode 
current collection layer and 3 / a positive electrode and 4 / a negative-electrode current 
collection layer and 8 ] negative-electrode cans. 

[0025] As an active material used for a positive electrode 3 and a negative electrode 6, at least 
one kind in a spinel mold lithium manganese multiple oxide, a spinel mold lithium magnesium 
manganese multiple oxide, a spinel mold lithium nickel manganese multiple oxide, a spinel mold 
lithium titanium multiple oxide, a spinel mold lithium niobium titanium multiple oxide, and a spinel 
mold lithium iron titanium multiple oxide is used. Since it is uninfluential to the ejection and 
insertion of a lithium ion in which field of a crystal there is no anisotropy, therefore is in contact 
with the solid electrolyte in order that, as for these, the channel of a lithium ion may take the 
three-dimensional structure, it is suitable as an active material used for a solid electrolyte cell. 
Moreover, these active materials have a small volume change accompanying charge and 
discharge, therefore since the crystal collapse accompanying charge and discharge cannot take 
place easily, they are suitable as an active material used for a solid electrolyte cell. 
[0026] Using bound water and the water of adsorption on the front face of a particle of these 
active materials, silica raw materials, such as tetra-alkoxysilane, can be combined and the active 
material particle in which the amorphous silica carried out the chemical bond can be obtained by 
carrying out the polymerization of the silica raw material further. Association of the silica raw 
material on the front face of a particle of an active material and the polymerization of silica raw 
materials are possible only by stirring at a room temperature, and are not accompanied by 
complicated actuation of a ring current etc. In addition, in order to promote a reaction, water and 
the acid of a minute amount may be added very much as a catalyst. Thus, since [ on the front 
face of a particle of an active material ] it exists even in near very much, the oxide ion used as 
the hopping site of a lithium ion tends to fall out [ the lithium ion ] from the active material front 
face compared with the unsettled active material, and a lithium ion becomes easy to arrive at an 
active material front face by making the particle front face of an active material carry out the 
chemical bond of the amorphous silica. Therefore, the interfacial resistance of an active material 
particle and an amorphous oxide can be reduced. Moreover, even if the volume change of the 
active material accompanying charge and discharge occurs, since the amorphous silica is 
carrying out the chemical bond to the active material, both contact does not worsen. Therefore, 
it can control that interfacial resistance increases. Furthermore, the reaction of an active 
material and a silica raw material is only dehydration, and other side reaction which checks a 
charge-and-discharge reaction cannot occur. In addition, in case a cell is formed so that it may 
mention later, in order to heat-treat above 500 degrees C, dehydration is ended nearly 
completely and the generated water does not check a charge-and-discharge reaction. 
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[0027] The active material, amorphous oxide, and shaping assistant to which the chemical bond 
of the amorphous silica was carried out are mixed, for producing a positive electrode 3 and a 
negative electrode 6 — (1) — After distributing water or an organic solvent, adjusting a slurry, 
applying this slurry on a base material film and drying, the approach of heat-treating what was 
judged at 500-800 degrees C, and (2) — the active material and amorphous oxide to which the 
chemical bond of the amorphous silica was carried out After adding and corning a direct or 
shaping assistant, supplying to metal mold and carrying out pressing with a press machine, After 
carrying out pressing of the approach of heat-treating at 500-800 degrees C, and the mixture 
which carried out (3) granulation with a roll press machine and processing it in the shape of a 
sheet, the approach of cutting out the sheet and heat-treating at 500-800 degrees C etc. is 
used. 

[0028] As an usable shaping assistant one sort or two sorts or more of mixture, such as 

polyacrylic acid, a carboxymethyl cellulose, polyvinyl alcohol, diacetyl cellulose, 

hydroxypropylcellulose, and the poly butyral, is mentioned here, for example. 

[0029] As a base material film, resin films, such as polyethylene terephthalate, are usable for 

example. 

[0030] As a lithium ion conductivity crystalline substance particle used for a solid electrolyte 5 
aluminum or Ga], and Li1+x+yMxTi2-xSiyP3-y012[M Li1+xMxTi2-x(P04)3[M aluminum or Ga], 
Li1+(4-n) xMxTi2-x(P04)3[— n[ when a univalent or divalent cation and M of M are univalent 
and n= 1 and M are divalent ] = — as for 2 and x, at least one kind in 0.1 - 0.5] is used. 
[0031] Using bound water and the water of adsorption on the front face of a particle of these 
solid electrolytes, silica raw materials, such as tetra-alkoxysilane, can be combined and the 
particle of the solid electrolyte in which the amorphous silica carried out the chemical bond can 
be obtained by carrying out the polymerization of the silica raw material further. Association of 
the silica raw material on the front face of a particle of a solid electrolyte and the polymerization 
of silica raw materials are possible only by stirring at a room temperature, and are not 
accompanied by complicated actuation of a ring current etc. In addition, in order to promote a 
reaction, water and the acid of a minute amount may be added very much as a catalyst. Thus, 
since [ on the front face of a particle of a solid electrolyte ] it exists even in near very much, the 
oxide ion used as the hopping site of a lithium ion tends to fall out [ the lithium ion ] from the 
solid electrolyte front face compared with the unsettled solid electrolyte, and a lithium ion 
becomes easy to arrive at a solid electrolyte front face by making the particle front face of a 
solid electrolyte carry out the chemical bond of the amorphous silica. Therefore, interfacial 
resistance can be reduced. Furthermore, the reaction of a solid electrolyte and a silica raw 
material is only dehydration, and other side reaction which checks a charge-and-discharge 
reaction cannot occur. In addition, in case a cell is formed so that it may mention later, in order 
to heat-treat above 500 degrees C, dehydration is ended nearly completely and the generated 
water does not check a charge-and-discharge reaction. 

[0032] The particle, amorphous oxide, and shaping assistant of a solid electrolyte to which the 
chemical bond of the amorphous silica was carried out are mixed, for producing a solid 
electrolyte 5 — (1) — After distributing water or an organic solvent, adjusting a slurry, applying 
this slurry on a base material film and drying, the approach of heat-treating what was judged at 
500-800 degrees C, and (2) — the particle and amorphous oxide of a solid electrolyte to which 
the chemical bond of the amorphous silica was carried out After adding and corning a direct or 
shaping assistant, supplying to metal mold and carrying out pressing with a press machine, After 
carrying out pressing of the approach of heat-treating at 500-800 degrees C, and the mixture 
which carried out (3) granulation with a roll press machine and processing it in the shape of a 
sheet, the approach of cutting out the sheet and heat-treating at 500-800 degrees C etc. is 
used. 

[0033] As an usable shaping assistant, one sort or two sorts or more of mixture, such as 

polyacrylic acid, a carboxymethyl cellulose, polyvinyl alcohol, diacetyl cellulose, 

hydroxypropylcellulose, and the poly butyral, is mentioned here, for example. 

[0034] As a base material film, resin films, such as polyethylene terephthalate, are usable, for 

example. 
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[0035] As an amorphous oxide used for binding an active material and a lithium ion conductivity 
crystalline substance particle, 40U2O-35 B-203-25LiNb03, 30UI-41 U20-29P205, etc. can be 
mentioned, for example. 

[0036] The positive-electrode current collection layer 2 and the negative-electrode current 
collection layer 7 consist of the gold which has been arranged for contact to the positive- 
electrode can 1, a positive electrode 3, or the negative-electrode can 8 and a negative electrode 
6, and current collection, for example, was formed of sputtering on the positive electrode 3 and 
the negative electrode 6, silver, copper, platinum, palladium, nickel, etc. 

[0037] The positive-electrode can 1 and the negative-electrode can 8 are arranged in order to 
prevent a charge-and-discharge reaction being checked by the moisture in atmospheric air, and 
in order to use as each terminal of a positive electrode 3 and a negative electrode 6, for 
example, the sheet metal of metals, such as aluminum, copper, nickel, stainless steel, and 
titanium, is used. 

[0038] In order that the insulating section 4 may prevent the short circuit of a positive electrode 
3 and a negative electrode 6, it is arranged, for example, macromolecules, such as polyethylene, 
polypropylene, and polyimide, are used. 
[0039] 

[Example 1] Li 1.1 Mn 1.904 — a 100wt(s)% and tetramethoxy silane — 50wt(s)% — after carrying 
out weighing capacity and stirring at a room temperature for 2 hours, Li1.1Mn 1.904 to which the 
chemical bond of the amorphous silica was carried out was obtained by drying at 120 degrees C 
for 2 hours. 

[0040] Li1.1Mn 1.904 to which the chemical bond of the amorphous silica was carried out — 
95wt(s)% and 40U2O-35 B-203~25LiNb03 — 5wt(s)% — weighing capacity was carried out, the 
poly butyral was stirred 5wt(s)%, isopropyl alcohol was stirred to this with the 25wt(s)%, in 
addition planet mold ball mill for 30 minutes, and the slurry was adjusted to it. 
[0041] The positive-electrode tape and the negative-electrode tape were produced with the 
doctor blade method using this slurry. In addition, in a negative electrode, 3V charge-and- 
discharge field of Li1.1Mn 1.904 is used. 

[0042] Li1.3aluminum0.3Ti1.7(PO4) 3 [ next, ] — a 100wt(s)% and tetramethoxy silane — 50wt 
(s)% after carrying out weighing capacity and stirring at a room temperature for 2 hours, 
Li1.3aluminum0.3Ti1.7(PO4) 3 to which the chemical bond of the amorphous silica was carried 
out were obtained by drying at 120 degrees C for 2 hours. 

[0043] Li1.3aluminum0.3Ti1.7(PO4) 3 to which the chemical bond of the amorphous silica was 
carried out — 90wt(s)% and 40U2O-35 B-203-25LiNb03 — 10wt(s)% — weighing capacity was 
carried out, the poly butyral was stirred 5wt(s)%, isopropyl alcohol was stirred to this with the 
25wt(s)%, in addition planet mold ball mill for 30 minutes, and the slurry was adjusted to it. 
[0044] The solid electrolyte tape was fabricated with the doctor blade method using this slurry. 
[0045] After carrying out the laminating of a positive-electrode tape, a solid electrolyte tape, and 
the negative-electrode tape and sticking them by pressure, it heat-treated at 650 degrees C for 
3 hours. The size after heat treatment was 30x30mm, and, for the positive electrode, 100 
micrometers and a solid electrolyte were [ 10 micrometers and the negative electrode of 
thickness ] 100 micrometers 210 micrometers in total. 

[0046] After carrying out sputtering of the gold and forming a current collection layer in a 
positive-electrode and negative-electrode side, it inserted in the polyethylene frame of 31x31 mm 
of insides, and 35x35mm of outsides, and the solid electrolyte cell was produced by inserting and 
carrying out thermocompression bonding to the aluminum plate of two sheets 
[0047] 

[Example 2] Li 1.1 Mn 1.904 — a 100wt(s)% and tetramethoxy silane — 50wt(s)% — after carrying 
out weighing capacity and stirring at a room temperature for 2 hours, Li1.1Mn 1.904 to which the 
chemical bond of the amorphous silica was carried out was obtained by drying at 120 degrees C 
for 2 hours. 

[0048] Li1.1Mn 1.904 to which the chemical bond of the amorphous silica was carried out — 
95wt(s)% and 40U2O-35 B-203-25LiNb03 — 5wt(s)% — weighing capacity was carried out, the 
poly butyral was stirred 5wt(s)%, isopropyl alcohol was stirred to this with the 25wt(s)%, in 
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addition planet mold ball mill for 30 minutes, and the slurry was adjusted to it. The positive- 
electrode tape was produced with the doctor blade method using this slurry. 

[0049] next, Li1.33Ti 1.6704 — a 100wt(s)% and tetramethoxy silane — 50wt(s)% — after stirring 
at a room temperature for 2 hours, having carried out weighing capacity and irradiating UV, 
Li1.33Ti 1.6704 to which the chemical bond of the amorphous silica was carried out was 
obtained by drying at 120 degrees C for 2 hours. 

[0050] Li1.33Ti 1.6704 to which the chemical bond of the amorphous silica was carried out — 
95wt(s)% and 40U2O-35 B-203-25LiNb03 — 5wt(s)% — weighing capacity was carried out, the 
poly butyral was stirred 5wt(s)%, isopropyl alcohol was stirred to this with the 25wt(s)%, in 
addition planet mold ball mill for 30 minutes, and the slurry was adjusted to it. The negative- 
electrode tape was produced with the doctor blade method using this slurry. 
[0051] Li1.3aluminum0.3Ti1.7(PO4) 3 [ next, ] — a 100wt(s)% and tetramethoxy silane — 50wt 
(s)% — after carrying out weighing capacity and stirring at a room temperature for 2 hours, 
Li1.3aluminum0.3Ti1.7(PO4) 3 to which the chemical bond of the amorphous silica was carried 
out were obtained by drying at 120 degrees C for 2 hours. 

[0052] Li1.3aluminum0.3Ti1.7(PO4) 3 to which the chemical bond of the amorphous silica was 
carried out — 90wt(s)% and 40U2O-35 B-2O3-25LiNb03 — 10wt(s)% — weighing capacity was 
carried out, the poly butyral was stirred 5wt(s)%, isopropyl alcohol was stirred to this with the 
25wt(s)%, in addition planet mold ball mill for 30 minutes, and the slurry was adjusted to it. The 
solid electrolyte tape was fabricated with the doctor blade method using this slurry. 
[0053] After carrying out the laminating of a positive-electrode tape, a solid electrolyte tape, and 
the negative-electrode tape and sticking them by pressure, it heat-treated at 650 degrees C for 
3 hours. The size after heat treatment was 30x30mm, and, for the positive electrode, 100 
micrometers and a solid electrolyte were [ 10 micrometers and the negative electrode of 
thickness ] 100 micrometers 210 micrometers in total. 

[0054] After carrying out sputtering of the gold and forming a current collection layer in a 
positive-electrode and negative-electrode side, it inserted in the polyethylene frame of 31x31 mm 
of insides, and 35x35mm of outsides, and the solid electrolyte cell was produced by inserting and 
carrying out thermocompression bonding to the aluminum plate of two sheets 
[0055] 

[The example 1 of a comparison] When removing not processing the particle of an active 
material and a solid electrolyte by the tetramethoxy silane, the solid electrolyte cell was 
produced by the same approach as an example 1. 
[0056] 

[The example 2 of a comparison] When removing not processing the particle of an active 
material and a solid electrolyte by the tetramethoxy silane, the solid electrolyte cell was 
produced by the same approach as an example 2. 
[0057] 

[Electrochemical evaluation] Charge-and-discharge capacity was measured with the current 
density of 100microA/cm2 using the above solid electrolyte cell. The result is shown in Table 1. 



[0058] 
Table 1] 




(mAh/g) 


(mAh/g) 


(%) 


»i 


10 5 


9 1 


8 7 


mm 2 


9 9 


8 6 


8 7 


Wli 


8 0 


3 6 


4 5 




8 2 


4 0 


4 9 



[0059] As shown in Table 1, in the examples 1 and 2 using the particle of the active material to 
which it processed by the tetramethoxy silane and the chemical bond of the amorphous silica 
was carried out, and a solid electrolyte, compared with the examples 1 and 2 of a comparison 
using the particle of an unsettled active material and a solid electrolyte, an early charge capacity 
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is high, and charge-and-discharge effectiveness is high. 

[0060] When the amorphous silica carried out the chemical bond of this to the particle front face 
of an active material and a solid electrolyte, since it exists even in near very much, and the oxide 
ion used as the hopping site of a lithium ion reduced interfacial resistance compared with the 
particle of an unsettled active material and a solid electrolyte, it is guessed on the front face of 
a particle of an active material and a solid electrolyte. 
[0061] 

[Effect of the Invention] According to the solid electrolyte cell concerning this invention, the 
oxide in which reversible occlusion emission of a lithium ion is possible as mentioned above, 
between the positive electrodes and negative electrodes which are used as an active material In 
the solid electrolyte cell which pinches the solid electrolyte which consists of a crystalline 
substance oxide which has lithium ion conductivity From a silica with the particle of the above- 
mentioned active material and a solid electrolyte amorphous on the particle front face carrying 
out a chemical bond Since [ on the front face of a particle of an active material and a solid 
electrolyte ] it exists even in near very much, interfacial resistance is reduced compared with 
the particle of an unsettled active material and a solid electrolyte, and the oxide ion used as the 
hopping site of a lithium ion can obtain a solid electrolyte cell with the high use effectiveness of 
an active material. 

[0062] Moreover, even if the volume change of the active material accompanying charge and 
discharge occurs, since the amorphous silica is carrying out the chemical bond to the active 
material, both contact does not worsen. Therefore, it can control that interfacial resistance 
increases. Thereby, early charge-and-discharge effectiveness improves. 

[0063] Furthermore, the reaction of an active material or a solid electrolyte, and a silica raw 
material is only dehydration, and other side reaction which checks a charge-and-discharge 
reaction cannot occur. Therefore, a result with sufficient repeatability can be obtained. 
[0064] In addition, in case a cell is formed, in order to heat-treat above 500 degrees C, 
dehydration is ended nearly completely and the generated water does not check a charge-and- 
discharge reaction. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the solid electrolyte cell which pinches the solid 
electrolyte which consists of crystalline substance oxide which has lithium ion conductivity 
between the positive electrodes and negative electrodes which use as an active material 
especially the oxide in which reversible occlusion emission of a lithium ion is possible about a 
solid electrolyte cell. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to the solid electrolyte cell concerning this invention, the 
oxide in which reversible occlusion emission of a lithium ion is possible as mentioned above, 
between the positive electrodes and negative electrodes which are used as an active material In 
the solid electrolyte cell which pinches the solid electrolyte which consists of a crystalline 
substance oxide which has lithium ion conductivity From a silica with the particle of the above- 
mentioned active material and a solid electrolyte amorphous on the particle front face carrying 
out a chemical bond Since [ on the front face of a particle of an active material and a solid 
electrolyte ] it exists even in near very much, interfacial resistance is reduced compared with 
the particle of an unsettled active material and a solid electrolyte, and the oxide ion used as the 
hopping site of a lithium ion can obtain a solid electrolyte cell with the high use effectiveness of 
an active material. 

[0062] Moreover, even if the volume change of the active material accompanying charge and 
discharge occurs, since the amorphous silica is carrying out the chemical bond to the active 
material, both contact does not worsen. Therefore, it can control that interfacial resistance 
increases. Thereby, early charge-and-discharge effectiveness improves. 

[0063] Furthermore, the reaction of an active material or a solid electrolyte, and a silica raw 
material is only dehydration, and other side reaction which checks a charge-and-discharge 
reaction cannot occur. Therefore, a result with sufficient repeatability can be obtained. 
[0064] In addition, in case a cell is formed, in order to heat-treat above 500 degrees C, 
dehydration is ended nearly completely and the generated water does not check a charge-and- 
discharge reaction. 
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TECHNICAL PROBLEM 



[Description of the Prior Art] With wonderful development of mobile communications in recent 
years, as a power source of mobile communication equipment, it is small and the need of a 
lithium secondary battery with a high energy density is increasing rapidly. 

[0003] Furthermore, since the energy density of a lithium secondary battery is high, applying to 
the large-sized cell used for an electric vehicle etc. is also examined. 

[0004] However, since the electrolytic solution is used like [ a lithium secondary battery ] other 
cells, we are anxious about the liquid spill which is the greatest factor of the trouble about a cell. 
Especially, in a lithium secondary battery, since the inflammable organic electrolytic solution is 
used, there is anxiety in respect of safety. 

[0005] Then, many attempts which use a solid electrolyte instead of the organic electrolytic 
solution are made. There is a solid polymer electrolyte which made a giant molecule like 
polyethylene oxide dissolve lithium salt, such as LiCI04, in one of the solid electrolytes. 
[0006] However, the present condition of the thing of level by which practical use is presented 
with the interfacial resistance of that the ionic conductivity in the inside of giant-molecule bulk 
is low since movement of a segment is slow at a room temperature, and a giant-molecule solid 
electrolyte and an electrode active material since a giant-molecule solid electrolyte is large is 
having not appeared. 

[0007] Some approaches for reducing the interfacial resistance of a solid polymer electrolyte and 
an electrode active material are also proposed. For example, in JP,8-1 1 1233A it has proposed 
using for the particle front face of an active material that to which the chemical bond of the both 
ends or end of a principal chain of a polyether like polyethylene oxide or polypropylene oxide, a 
poly thioether like a polyphenylene sulfide thioether, or polyacrylate was carried out. 
[0008] According to this approach, since a polyether, the poly thioether, or polyacrylate is 
carrying out the chemical bond on the surface of the active material, compared with the case 
where an active material, a polyether, the poly thioether, or polyacrylate is only mixed, the 
lithium ion tends to fall out from the active material front face, and it becomes easy to arrive at 
an active material front face. Therefore, there is an advantage that interfacial resistance can be 
reduced. Even if the volume change of the active material accompanying charge and discharge 
furthermore occurs, since an active material, a polyether, the poly thioether, or polyacrylate is 
carrying out the chemical bond, both contact does not worsen. Therefore, there is an advantage 
that it can control that interfacial resistance increases. 

[0009] However, by this approach, complicated actuation of returning to combining a polyether, 
the poly thioether, or polyacrylate at 120 degrees C for 3 hours is required for an active material 
front face, and when mass-producing, in order to have to process a lot of active materials, there 
is a fault that a manufacturing cost becomes high. Moreover, there is a fault that the unreacted 
part of a polyether, the poly thioether, or polyacrylate causes the active material and side 
reaction which are oxidation material, and checks a charge-and-discharge reaction. Moreover, 
under the conditions of returning at 120 degrees C, since side reaction also becomes easy to 
occur, a result with sufficient repeatability is hard to be obtained. 

[0010] In order to control the side reaction of the unreacted part of a macromolecule, and an 
active material which is not desirable, in JP,9-97616,A, it has proposed carrying out a 
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polymerization in the condition of having made bulking agents, such as titanium oxide, containing. 
According to this approach, since titanium oxide serves as an alternative catalyst to the 
polymerization reaction of a macromolecule, side reaction with an active material cannot occur 
easily, either, therefore there is an advantage that a charge-and-discharge reaction is also hard 
to be checked. 

[001 1] However, since this approach suppresses the reaction of an active material and a solid 
electrolyte, in order that it may reduce the interfacial resistance of an active material and a solid 
electrolyte, when introducing a chemical bond among both, it cannot be applied. Therefore, 
although degradation can be prevented, early resistance has not improved at all about a high 
thing. 

[0012] Thus, since the side reaction which is not desirable occurs between a solid polymer 
electrolyte and an active material, it is difficult to carry out the chemical bond of some 
macromolecules to an active material, and to reduce interfacial resistance. 
[0013] Moreover, since movement of a segment [ in / in a giant-molecule solid electrolyte / a 
room temperature ] is slow, an effective means to solve the problem that the ionic conductivity 
in the inside of giant-molecule bulk is low has not yet appeared. 

[0014] On the other hand, some solid electrolytes in the level in which the ionic conductivity in a 
room temperature rivals 10-4 to ten to 3 S/cm and the organic electrolytic solution are also 
examined. As such a solid electrolyte, an amorphous sulfide is mentioned, for example. However, 
the solid electrolyte cell the amorphous sulfide is chemically unstable and using this has not 
resulted in utilization. 

[0015] Some solid electrolytes which are in the level in which the ionic conductivity in a room 
temperature rivals 10-4 to ten to 3 S/cm and the organic electrolytic solution in a stable 
inorganic oxide chemically are also examined. As such a solid electrolyte, Li1+xMxTi2~x(P04)3[M 
has the lithium ion conductivity crystalline substance oxide expressed with aluminum or Ga], for 
example. Such a lithium ion conductivity crystalline substance oxide is called a common name 
LISICON, and the presentation and synthetic conditions are studied by many researchers. 
[0016] However, since contact to the active material which is similarly a crystalline substance 
turns into point contact, a crystalline substance oxide has the high resistance to the ionic 
conduction between particles, and the present condition is that the solid electrolyte cell of the 
level with which practical use is presented has not yet appeared. 

[0017] Then, this invention person etc. found out wholeheartedly becoming the solid electrolyte 
cell which can operate at a room temperature by binding the particle of the active material of a 
crystalline substance, and a solid electrolyte with an amorphous oxide as a result of research. It 
is thought that the hopping site which needs amorphous oxide for lithium ion conduction is 
offered. 

[0018] However, the solid electrolyte cell bound with the amorphous oxide also had high internal 
resistance, and had the problem that the use effectiveness of an active material was bad. 
[0019] this invention person etc. examined the means for [ of an active material and a solid 
electrolyte ] making it exist in near very much for the hopping site required for lithium ion 
conduction by conjecturing the thing resulting from the contact to oxide and an active material 
with this amorphous cause and contact to amorphous oxide and an amorphous solid electrolyte 
being inadequate in a molecular level and atomic level, and resulted in this invention. 
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MEANS 



[Means for Solving the Problem] In order to solve the above-mentioned technical problem, 
according to the solid electrolyte cell concerning this invention, in the solid electrolyte cell which 
pinches a solid electrolyte between the positive electrodes and negative electrodes which use as 
an active material the oxide in which reversible occlusion emission of a lithium ion is possible, 
the particle of said active material and a solid electrolyte is characterized by an amorphous silica 
carrying out a chemical bond to the particle front face. 

[0021] It is desirable for said active material to be at least one kind in a spinel mold lithium 
manganese multiple oxide, a spinel mold lithium magnesium manganese multiple oxide, a spinel 
mold lithium nickel manganese multiple oxide, a spinel mold lithium titanium multiple oxide, a 
spinel moid lithium niobium titanium multiple oxide, and a spinel mold lithium iron titanium multiple 
oxide in the above-mentioned solid electrolyte cell. 

[0022] In the above-mentioned solid electrolyte cell, said solid electrolyte Li1+xMxTi2-x(P04)3 
[M Moreover, aluminum or Ga], Li1+x+yMxTi2-xSiyP3-y012[M aluminum or Ga], Li1+(4-n) 
xMxTi2-x(P04)3[ — n[ when a univalent or divalent cation and M of M are univalent and n= 1 and 
M are divalent ] = — as for 2 and x, it is desirable that it is at least one kind in 0.1 - 0.5]. 
[0023] Furthermore, it is desirable to bind the particle of said active material and a solid 
electrolyte with the above-mentioned solid electrolyte cell with an amorphous oxide 
[0024] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained, the 
sectional view in which drawing 1 shows the example of a configuration of the solid electrolyte 
cell of this invention — it is — 1 — a positive-electrode can and 2 — for the insulating section 
and 5, as for a negative electrode and 7, a solid electrolyte and 6 are [ a positive-electrode 
current collection layer and 3 / a positive electrode and 4 / a negative-electrode current 
collection layer and 8 ] negative-electrode cans. 

[0025] As an active material used for a positive electrode 3 and a negative electrode 6, at least 
one kind in a spinel mold lithium manganese multiple oxide, a spinel mold lithium magnesium 
manganese multiple oxide, a spinel mold lithium nickel manganese multiple oxide, a spinel mold 
lithium titanium multiple oxide, a spinel mold lithium niobium titanium multiple oxide, and a spinel 
mold lithium iron titanium multiple oxide is used. Since it is uninfluential to the ejection and 
insertion of a lithium ion in which field of a crystal there is no anisotropy, therefore is in contact 
with the solid electrolyte in order that, as for these, the channel of a lithium ion may take the 
three-dimensional structure, it is suitable as an active material used for a solid electrolyte cell. 
Moreover, these active materials have a small volume change accompanying charge and 
discharge, therefore since the crystal collapse accompanying charge and discharge cannot take 
place easily, they are suitable as an active material used for a solid electrolyte cell. 
[0026] Using bound water and the water of adsorption on the front face of a particle of these 
active materials, silica raw materials, such as tetra-alkoxysilane, can be combined and the active 
material particle in which the amorphous silica carried out the chemical bond can be obtained by 
carrying out the polymerization of the silica raw material further. Association of the silica raw 
material on the front face of a particle of an active material and the polymerization of silica raw 
materials are possible only by stirring at a room temperature, and are not accompanied by 
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complicated actuation of a ring current etc. In addition, in order to promote a reaction, water and 
the acid of a minute amount may be added very much as a catalyst. Thus, since [ on the front 
face of a particle of an active material ] it exists even in near very much, the oxide ion used as 
the hopping site of a lithium ion tends to fall out [ the lithium ion ] from the active material front 
face compared with the unsettled active material, and a lithium ion becomes easy to arrive at an 
active material front face by making the particle front face of an active material carry out the 
chemical bond of the amorphous silica. Therefore, the interfacial resistance of an active material 
particle and an amorphous oxide can be reduced. Moreover, even if the volume change of the 
active material accompanying charge and discharge occurs, since the amorphous silica is 
carrying out the chemical bond to the active material, both contact does not worsen. Therefore, 
it can control that interfacial resistance increases. Furthermore, the reaction of an active 
material and a silica raw material is only dehydration, and other side reaction which checks a 
charge-and-discharge reaction cannot occur. In addition, in case a cell is formed so that it may 
mention later, in order to heat-treat above 500 degrees C, dehydration is ended nearly 
completely and the generated water does not check a charge-and-discharge reaction. 
[0027] The active material, amorphous oxide, and shaping assistant to which the chemical bond 
of the amorphous silica was carried out are mixed, for producing a positive electrode 3 and a 
negative electrode 6 — (1) — After distributing water or an organic solvent, adjusting a slurry, 
applying this slurry on a base material film and drying, the approach of heat-treating what was 
judged at 500-800 degrees C, and (2) — the active material and amorphous oxide to which the 
chemical bond of the amorphous silica was carried out After adding and corning a direct or 
shaping assistant, supplying to metal mold and carrying out pressing with a press machine, After 
carrying out pressing of the approach of heat-treating at 500-800 degrees C, and the mixture 
which carried out (3) granulation with a roll press machine and processing it in the shape of a 
sheet, the approach of cutting out the sheet and heat-treating at 500-800 degrees C etc. is 
used. 

[0028] As an usable shaping assistant, one sort or two sorts or more of mixture, such as 

polyacrylic acid, a carboxymethyl cellulose, polyvinyl alcohol, diacetyl cellulose, 

hydroxypropylcellulose, and the poly butyral, is mentioned here, for example. 

[0029] As a base material film, resin films, such as polyethylene terephthalate, are usable, for 

example. 

[0030] As a lithium ion conductivity crystalline substance particle used for a solid electrolyte 5 
aluminum or Ga], and Li1+x+yMxTi2-xSiyP3-y012[M Li1+xMxTi2-x(P04)3[M aluminum or Gal 
LM+(4-n) xMxTi2-x(P04)3[— n[ when a univalent or divalent cation and M of M are univalent 
and n= 1 and M are divalent ] = — as for 2 and x, at least one kind in 0 r 1 - 0.5] is used. 
[0031] Using bound water and the water of adsorption on the front face of a particle of these 
solid electrolytes, silica raw materials, such as tetra-alkoxysilane, can be combined and the 
particle of the solid electrolyte in which the amorphous silica carried out the chemical bond can 
be obtained by carrying out the polymerization of the silica raw material further. Association of 
the silica raw material on the front face of a particle of a solid electrolyte and the polymerization 
of silica raw materials are possible only by stirring at a room temperature, and are not 
accompanied by complicated actuation of a ring current etc. In addition, in order to promote a 
reaction, water and the acid of a minute amount may be added very much as a catalyst. Thus, 
since [ on the front face of a particle of a solid electrolyte ] it exists even in near very much, the 
oxide ion used as the hopping site of a lithium ion tends to fall out [ the lithium ion ] from the 
solid electrolyte front face compared with the unsettled solid electrolyte, and a lithium ion 
becomes easy to arrive at a solid electrolyte front face by making the particle front face of a 
solid electrolyte carry out the chemical bond of the amorphous silica. Therefore, interfacial 
resistance can be reduced. Furthermore, the reaction of a solid electrolyte and a silica raw 
material is only dehydration, and other side reaction which checks a charge-and-discharge 
reaction cannot occur. In addition, in case a cell is formed so that it may mention later, in order 
to heat-treat above 500 degrees C, dehydration is ended nearly completely and the generated 
water does not check a charge-and-discharge reaction. 

[0032] The particle, amorphous oxide, and shaping assistant of a solid electrolyte to which the 
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chemical bond of the amorphous silica was carried out are mixed, for producing a solid 
electrolyte 5 — (1) — After distributing water or an organic solvent, adjusting a slurry, applying 
this slurry on a base material film and drying, the approach of heat-treating what was judged at 
500-800 degrees C, and (2) — the particle and amorphous oxide of a solid electrolyte to which 
the chemical bond of the amorphous silica was carried out After adding and corning a direct or 
shaping assistant, supplying to metal mold and carrying out pressing with a press machine, After 
carrying out pressing of the approach of heat-treating at 500-800 degrees C, and the mixture 
which carried out (3) granulation with a roll press machine and processing it in the shape of a 
sheet, the approach of cutting out the sheet and heat-treating at 500-800 degrees C etc. is 
used. 

[0033] As an usable shaping assistant, one sort or two sorts or more of mixture, such as 

polyacrylic acid, a carboxymethyl cellulose, polyvinyl alcohol, diacetyl cellulose, 

hydroxypropylcellulose, and the poly butyral, is mentioned here, for example. 

[0034] As a base material film, resin films, such as polyethylene terephthalate, are usable, for 

example. 

[0035] As an amorphous oxide used for binding an active material and a lithium ion conductivity 
crystalline substance particle, 40U2O-35 B-203-25LiNb03, 30U1-41 U20-29P205, etc. can be 
mentioned, for example. 

[0036] The positive-electrode current collection layer 2 and the negative-electrode current 
collection layer 7 consist of the gold which has been arranged for contact to the positive- 
electrode can 1, a positive electrode 3, or the negative-electrode can 8 and a negative electrode 
6, and current collection, for example, was formed of sputtering on the positive electrode 3 and 
the negative electrode 6, silver, copper, platinum, palladium, nickel, etc. 

[0037] The positive-electrode can 1 and the negative-electrode can 8 are arranged in order to 
prevent a charge-and-discharge reaction being checked by the moisture in atmospheric air, and 
in order to use as each terminal of a positive electrode 3 and a negative electrode 6, for 
example, the sheet metal of metals, such as aluminum, copper, nickel, stainless steel, and 
titanium, is used. 

[0038] In order that the insulating section 4 may prevent the short circuit of a positive electrode 
3 and a negative electrode 6, it is arranged, for example, macromolecules, such as polyethylene, 
polypropylene, and polyimide, are used. 
[0039] 

[Example 1] Li1.1Mn 1.904 — a 100wt(s)% and tetramethoxy silane — 50wt(s)% — after carrying 
out weighing capacity and stirring at a room temperature for 2 hours, LiUMn 1.904 to which the 
chemical bond of the amorphous silica was carried out was obtained by drying at 120 degrees C 
for 2 hours. 

[0040] Li1.1Mn 1.904 to which the chemical bond of the amorphous silica was carried out — 
95wt(s)% and 40U2O-35 B-203-25LiNb03 — 5wt(s)% — weighing capacity was carried out, the 
poly butyral was stirred 5wt(s)%, isopropyl alcohol was stirred to this with the 25wt(s)%, in 
addition planet mold ball mill for 30 minutes, and the slurry was adjusted to it. 
[0041] The positive-electrode tape and the negative-electrode tape were produced with the 
doctor blade method using this slurry. In addition, in a negative electrode, 3V charge-and- 
discharge field of Li1.1Mn 1.904 is used. 

[0042] Li1.3aluminum0.3Ti1.7(PO4) 3 [ next, ] — a 100wt(s)% and tetramethoxy silane — 50wt 
(s)% after carrying out weighing capacity and stirring at a room temperature for 2 hours, 
Li1.3aluminum0.3Ti1.7(PO4) 3 to which the chemical bond of the amorphous silica was carried 
out were obtained by drying at 120 degrees C for 2 hours. 

[0043] Li1.3aluminum0.3Ti1.7(PO4) 3 to which the chemical bond of the amorphous silica was 
carried out — 90wt(s)% and 40U2O-35 B-203-25LiNb03 — 10wt(s)% — weighing capacity was 
carried out, the poly butyral was stirred 5wt(s)%, isopropyl alcohol was stirred to this with the 
25wt(s)%, in addition planet mold ball mill for 30 minutes, and the slurry was adjusted to it. 
[0044] The solid electrolyte tape was fabricated with the doctor blade method using this slurry. 
[0045] After carrying out the laminating of a positive-electrode tape, a solid electrolyte tape, and 
the negative-electrode tape and sticking them by pressure, it heat-treated at 650 degrees C for 
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3 hours. The size after heat treatment was 30x30mm, and, for the positive electrode, 100 
micrometers and a solid electrolyte were [ 10 micrometers and the negative electrode of 
thickness ] 100 micrometers 210 micrometers in total. 

[0046] After carrying out sputtering of the gold and forming a current collection layer in a 
positive-electrode and negative-electrode side, it inserted in the polyethylene frame of 31x31 mm 
of insides, and 35x35mm of outsides, and the solid electrolyte cell was produced by inserting and 
carrying out thermocompression bonding to the aluminum plate of two sheets. 
[0047] 

[Example 2] Li1.1Mn 1.904 — a 100wt(s)% and tetramethoxy silane — 50wt(s)% — after carrying 
out weighing capacity and stirring at a room temperature for 2 hours, U1.1Mn 1.904 to which the 
chemical bond of the amorphous silica was carried out was obtained by drying at 120 degrees C 
for 2 hours. 

[0048] Li1.1Mn 1.904 to which the chemical bond of the amorphous silica was carried out — 
95wt(s)% and 40U2O-35 B-203-25LiNb03 — 5wt(s)% — weighing capacity was carried out, the 
poly butyral was stirred 5wt(s)%, isopropyl alcohol was stirred to this with the 25wt(s)%, in 
addition planet mold ball mill for 30 minutes, and the slurry was adjusted to it. The positive- 
electrode tape was produced with the doctor blade method using this slurry. 

[0049] next, Li1.33Ti 1.6704 — a 100wt(s)% and tetramethoxy silane — 50wt(s)% — after stirring 
at a room temperature for 2 hours, having carried out weighing capacity and irradiating UV, 
Li1.33Ti 1.6704 to which the chemical bond of the amorphous silica was carried out was 
obtained by drying at 120 degrees C for 2 hours. 

[0050] Li1.33Ti 1.6704 to which the chemical bond of the amorphous silica was carried out — 
95wt(s)% and 40U2O-35 B-203-25LiNb03 — 5wt(s)% — weighing capacity was carried out, the 
poly butyral was stirred 5wt(s)%, isopropyl alcohol was stirred to this with the 25wt(s)%, in 
addition planet mold ball mill for 30 minutes, and the slurry was adjusted to it. The negative- 
electrode tape was produced with the doctor blade method using this slurry. 
[0051] Li1.3aluminum0.3TM.7(PO4) 3 [ next, ] — a 100wt(s)% and tetramethoxy silane — 50wt 
(s)% — after carrying out weighing capacity and stirring at a room temperature for 2 hours, 
Li1.3aluminum0.3Ti1.7(PO4) 3 to which the chemical bond of the amorphous silica was carried 
out were obtained by drying at 120 degrees C for 2 hours. 

[0052] Li1.3aluminum0.3Ti1.7(PO4) 3 to which the chemical bond of the amorphous silica was 
carried out — 90wt(s)% and 40U2O-35 B-203-25LiNb03 — 10wt(s)% — weighing capacity was 
carried out, the poly butyral was stirred 5wt(s)%, isopropyl alcohol was stirred to this with the 
25wt(s)%, in addition planet mold ball mill for 30 minutes, and the slurry was adjusted to it. The 
solid electrolyte tape was fabricated with the doctor blade method using this slurry. 
[0053] After carrying out the laminating of a positive-electrode tape, a solid electrolyte tape, and 
the negative-electrode tape and sticking them by pressure, it heat-treated at 650 degrees C for 
3 hours. The size after heat treatment was 30x30mm, and, for the positive electrode, 100 
micrometers and a solid electrolyte were [ 10 micrometers and the negative electrode of 
thickness ] 100 micrometers 210 micrometers in total. 

[0054] After carrying out sputtering of the gold and forming a current collection layer in a 
positive-electrode and negative-electrode side, it inserted in the polyethylene frame of 31x31mm 
of insides, and 35x35mm of outsides, and the solid electrolyte cell was produced by inserting and 
carrying out thermocompression bonding to the aluminum plate of two sheets. 
[0055] 

[The example 1 of a comparison] When removing not processing the particle of an active 
material and a solid electrolyte by the tetramethoxy silane, the solid electrolyte cell was 
produced by the same approach as an example 1. 
[0056] 

[The example 2 of a comparison] When removing not processing the particle of an active 
material and a solid electrolyte by the tetramethoxy silane, the solid electrolyte cell was 
produced by the same approach as an example 2. 
[0057] 

[Electrochemical evaluation] Charge~and-discharge capacity was measured with the current 
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density of 1 00microA/cm2 using the above solid electrolyte cell. The result is shown in Table t. 



0058] 
Table 1] 




UAh/g) 


(mAh/g) 


(%) 




10 5 


9 1 


8 7 


mm 2 


9 9 


8 6 


8 7 




8 0 


3 6 


4 5 


JtB«2 


8 2 


4 0 


4 9 



[0059] As shown in Table 1, in the examples 1 and 2 using the particle of the active material to 
which it processed by the tetramethoxy silane and the chemical bond of the amorphous silica 
was carried out, and a solid electrolyte, compared with the examples 1 and 2 of a comparison 
using the particle of an unsettled active material and a solid electrolyte, an early charge capacity 
is high, and charge-and~discharge effectiveness is high. 

[0060] When the amorphous silica carried out the chemical bond of this to the particle front face 
of an active material and a solid electrolyte, since it exists even in near very much, and the oxide 
ion used as the hopping site of a lithium ion reduced interfacial resistance compared with the 
particle of an unsettled active material and a solid electrolyte, it is guessed on the front face of 
a particle of an active material and a solid electrolyte. 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_eije 



2008/01/09 



JP,2001-210374,A [DESCRIPTION OF DRAWINGS] 



1/1 ^— v 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

iDnawiQgJJ It is the sectional view showing the example of a configuration of the solid 
electrolyte cell concerning this invention. 
[Description of Notations] 

1: A positive-electrode can, 2:positive-electrode current collection layer, 3:positive electrode, 
4:insulation section, 5:solid electrolyte, 6:negative electrode, 7:negative-electrode current 
collection layer, 8 : negative-electrode can 
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DRAWINGS 



[Drawing 1] 




[Translation done.] 



http://www4.ipdl.inpit.go jp/cgi~bin/tran_web_cgLejje 



2008/01/09 



<19)0*S#fF,r (J P) (12) £; ^ fft & $g (A) (HHMKfW&H** 

#^2001 -210374 
(P2001-210374A) 

(43)&ij B ¥/&I3*F 8 3 B (200 1 . 8. 3) 

(51)Int.Cl.' W&\^ Fl f-V3-F-(##) 

H0 1M 10/40 H0 1M 10/40 B 5H0 2 9 

4/02 4/02 C 

4/58 4/58 



#Mt3fc m#m<D&4 OL (£ 7 H) 



(21)tBK#*f 


#H2000- 17983( P2000- 17983) 


(71)fflISA 


000006633 










(22)fflaa 


¥j£l24£ IM25B (2000. 1. 25) 




































JtiS «i 








mS&J&ffiSfcI5»^3_#3TB5#» # 
















±ft #0 



























(54) Bfc9iro£#0 @#«8f?ii*_ 



(57) mm] 

mm] &M,«mtmt, ^c<^&jtv»>immK 
t <D&i&&&ffl& it?* § it ab , <?m ic *t 

V * & i t ^ m & L fc (75 T* $> 5 - _• _ 4$ m 1 1- -5 . 




(2) 

1 

[!if*ifl] D ^VJ*4 *^<D^&fot£V]!iMWL\iift-»\ 

is ± tfm&mMn<D$L7-{i , * xstc^Aft^ •> 

^-^w. y f i/i^ti/f^ >m&mm, is x t>** 
^sy f-^Att^^^^ft^cD^tp©^^ < i 1 1 

tt^xfcs r ,t ^^mii-Sfl*^ i iciest <75!i»«fi? 

[ts*ii3 ] tuKia{*a«?K^. l i ,., m. t i „ 

(PO.) 3 [MiiA 1 ifcBGa] . L i M. T i 
h Si, P,- s Ok [MfiA 1 SfcliG a] , Li 
...rt>» Mi Ti>, (PO,) 3 [M(± 1 fc |± 2 ffitD 20 

2, xttO. 1-0. 5] 0 3*,C'>4<ttl«ft 

[3g93wf¥*ffl&!ft0J] 
[0 0 O 1 J 

i$£w<Dm-t%mmm *mmim&w.mwm-m<im 30 
[0002] 

[0 0 0 3] $t>|C, yf>Al*tl«i^/^'-S 40 

[0 0 0 4] LfrLttiPb, 'J ^•y^-^km.m.hi^.orm 
[0005] % i vumtUffinftto <o (z:BWtftK& 

*°y m^i/y^-y^ KCDJ; 5/jMS5^JiL iCIO. 50 



^2 0 0 1 -2 1 0 3 7 4 
2 

[0 0 0 6] L*»U<C*Sfoifc^Hft«WJ»4, SiST 

[ooo7] m$^mfcm.M'g.bnMmmnt(DRfo& 

0»J^.tf#0B¥8- 1 1 1 2 3 3^4t$gX'Ji, iSmW<Om 

i-nm^ty j y 7-n eu^* 

[0 0 0 8] ro^fetlifttf, fiMMt0>*B5fcsl*!J*. 

-7vk #y ^i-x^s Tetany tv y v—vmt 
tt^x, y ^^A-r^-^^g^jK^ffi^^gitTi^^ 

tvk y f-^-x/ws fcia^y y l — h^ft;^ 

[0 0 0 9] LiS»L4iWb, :»*ffi-Ctt««H*ffili 

^d^-t/k T^^/cfi^y y u- 

h?rS-^$-li--5coic 1 2 0°CT'3B#rBlit«i-5£i/^^ 

y y u- h©5feRjc«j»is»k*f^*>5is 
«MfiHRtf:*iew LT**«»t:Sria*i-5i:V>5A 
^*>S. 1 2 o*c-cai«[-rsi:v^5*#©TT? 

[0 0 1 0] H5^©*S^^te^Hi:Wff*L< 

x n s mt t- 9 > fa wmm * % * $ * tz vim x 

fi^^*5:£Srffi^LTt^5 c znjjmzXtlti* St 

?tte 1:5^ t, pis $ nir < i, ^ t v ^ 5 5 0 
[ooi i] U^L/i^t>r©*&iiS!»Kt@(*««p 
W £ <^Rri." ar» x h h <DT' fob b . r£^ff £ gf$m«? 
K £ <7>#EJgta ?r $ -ti- ^ fc fete j^#©Ffl MjL^-g- 

A-t % m&iz amm x t * i \ l ^ o x suft i*b5 
if 5 ^©ifijS^s^r kicmLxiHiib&W 



(3) 

3 

[001 2] z(D£?\z-mft*m»mM'£km®wt<D 

ffllz-ftt L< fa^mfcfctfigz sit©, KiSH-cd— S5£ 

[0013] mftirmftmm«timwuci6tfz>± 
yBmrntm^k^? mm^m^-r^Wi^mtrntz 

[ooi4]-j, ^st*©-i' ^We^S^i o" ~ 1 10 

o" 3 s/ cmtG&m%mc\K:S6L-tz> is^Mzhzmtt- 
[ooi5] \mmz.^tmmmtm\z-$o\^x, ms. 

f©^i->eif^i ~1 0" 3 S/cmtfltft 
M.Ti„ (PO.) 3 [MliAltfcliGa] T*& 20 

1 s i coNtwn, *©iHja-^ia*#as#<ow 

[00 16] Ld»L*iSf>ttAfrSMb*l4, f^li:<fe H B B 

ft-fos ismw t <Dmm&£Mmz. & -5 tz ©, tt^-w © 

[001 7] ^:t\ **W#tfj4«tmi9F^oie*, & 30 

s »© ftvowx 4 xfm wmm ©ts^- jt<omm 

fob tt -5 r t & n.m Lfc c y ? * 

^->fe*lc:^S**y f>^f--f h«r«P1- 

[001 8] lj&»l*#?>, %-&w<r>mt®x'&mLtz 
mfcmmwnm.h. fon%tt&wi<. : &VQW<nmmym 

[0019] *wm^\t, ^ommm&n<vmm 
tmmnttDmm. & 4 owM©$Ht^t straws 40 

[0 0 2 0] 

[»« 5 fc ±ISRH SrlBft-f -5 fc © 



#12001-210374 

[0021] ±mm&n.m%nmx~it, «he»»k#^ 

f^yugy y ^ r> a-v >fi>m&mt<®. z /I'M y 
? a -v ^ -> ? a-v y1g£®HM^ * t.'3t-/i-M y 

^A-s/^/u^^xf^^K^, ^t'^/usy^^^ 

®<r> 0 ho'pti <th\ mmx-hz z t u\ 
[0022] ±eH*«IHI*jli-Ctt, b5IE@» 

mmm\ Li,, M,Ti h (po.) » cmha 1 4 

fcliGa], Li M, T i >, S i r P,, 0, 2 [M 

I4A 1 3=£t4G a] , Li ,«,-„>, M, T i >, (P 

00 3 [miiffi-£fzit2m<Dm4'$-y. M&iffitDt 

#n= 1 , M#2lOi|n = 2 1 xliO. 1~0. 
5] ©5*j©'>^< 1 1, 1 a®Tfo-5r i^g^ li\ 

[0023] ±mm»mmmmmx(i. Mfsss 

[0 0 2 4] 

HT'fct), 1 liiESte. 2ttjEffi^«Jg, 3I4EH, 4 

[0025] lEm3iaXzfMMeicm\>^amWk Lx 
p> li y ^ ^ -f ^f- >©f -r ^/u/^ 3 ^^ffiig *bZ>tztb 

Mjj&tf m < , l ^ o r ig B B B © b' nm&m w-mm t 
bfrh. m&m&wmmm^btiztsyo'g.b lt^j 

[0 0 2 6] w*bt>»*Ko|a[^*ffio|S^*^»!R3t* 

^icyy^Mt^^ctf, # B B B « 

5o e^Rco&^ffi^ro->y*jfJ4©IS-g-i:->yi7j^ 
^^±©fi-&(iSrSTjt^1-5/c!-tT-pI^T : -fc D . mm, 

t\ 9ldLTg!feK©fe^-*BI-^aBK©v'y * 



(4) 

5 

r y f - >7 A it > *sg«bHSt E/j > c, ft T ^ # ^-f < . 

t> . S«ff t If to •> y u mcS&Qi l T ^ 5 fc ft , 
(SJ#o^to5S< *5wtliJfev\ L7taSoT#ggJa 

fferoBISJcSttigw 3)0 a. T\ 

[0 0 2 7] JEm3i3j:TffiM6*ttm-r2>lzi^ 

A±KJft*LTft»Lfca N ««rL7ct>C0£-5 0 0-8 20 
OOtffiMtSJS, (2) # 9 B B f<7)yy*^ 

^«J#J £ JD x. Tige L lc&7v L , 7° f JOE 

f$.BLtz&, 5 0 0~8 0 ccT-sfttoa-rs*^ 

(3) igtSttfcfi^WSrn-^T'u^flii-cJDffij^KLT 
>- htfci-JOXLfcQL hSr*£»rLT5 0 0- 

8 0 0 c CT^a-f5*ffi^irV^ffl^P 3 n5o 

[0028] n r.-ettfflpr«4j*»ib?Wi ltii h*. 

[0 0 2 9] Wfty -f A-Ai LT(4. f?(Jx_(4*^ Uxfi/ 

u- 7 ? 7 - k t£ ¥<D®m y * jv j* ffl "iHgx-fe 

[0030] @ftm«m5^ffl^ibft.5y ^v'i^.^';^->' 
^E#t£*£BB1^S£^ L ,^: Lttt, L ii. .M.T in (P 
OO 3 [MI±A 1 4fc(4G a ] x Li,.,., M. T i 2 -, 
S i , P 3 - y 0,2 [MI4A 1 4fcl4G a] . 
M, Tin (PO.) , [Mi4 1 ffi-£fcl*2ffi(Dffi'(* 40 
>, Miili©ttn = l, M^2fficDt#n = 2, x 
140. 1-0. 5] <D?h<D'J?K< ki> i8Sfosjfi^fe 

[0031] ^tihSt¥W»K<o&. : f»m<oM^^t 

3ff7K£fflt^T. 7- h7T7U-3^r->->7>^CO->y 7Jj©^ 



#§8 2001-210374 
6 

Mf©-> y * Srfls^e^ ^-y-^riicjcv^ yf-v-A 

^H(D*2- : f-*ffiCDr'<fi^lc4T-ffaLT^?)fc*, * 
ftia©H#«lf KfcJt'S-c !Jfy^* >#BWtKJ( 
Sffi/4 1 fcfeftTV>#-^-r< , 4fcy^^A-r^->^@ft: 

t s„ $ hizmwmmnt •> y *jK»t ©sjch 

SBt 5 0 0°C^±-C^M31^ff4 5 fc»K^St£:»ilJ 
[0 0 3 2] SftafSW 5 trf^Ki-SKltt. ( 1 ) # B B B 

0 0°CT9Mi31-r-3y7iiU (2) ^b b B H^)-> y 77 ^fk# 

^«-r**nBE^ tfc^, 500-80 otT-^a-fs 

(3) itSiLfcS^^n-^ 7 'u^-ciDJEfi5; 

oo~8o o°cxm!&mi-?>jjmtet°i>m\<"btiz> 0 
[0033] zz.t&mtsmtcimmikL'ztt* 
ffstf y t ^ y ^7/u?Kdr->7«^7u-fe/wn— 

t'— 7UT7U3— i^T-fefvl'-fc/l'n— ^ x t H"Ddr-> 

(4 2aei±o?i^-ti^*(f ?>ns. 

[0 0 3 4] Sft7-f /UA t LTI4, y U 

[0035] m®m^y?v^j*>&m& j &ihmii- 

14*. 4 0 L i : O- 3 5 B= O3 - 2 5 L i N b O3 . 3 0 
Li I -4 1 L 12 0-2 BPiOsteb'ZmifZZbtf 

[0036] ]E«£tt5 2 i vikmrnnm 7 a, is 

Mn.(Dtz>blzMiS.£ix, 0iJ^Ll4iEffi3*5j;t/A1f6_klc 

^^s/^ y v^fcio-cjBjfcstifcfc, is, a, e^; 

[0 0 3 7] lElffc 1 *=J;t7 ; *fe^8!iycM l: f l W7K^'l- 

H$H. tf'R 14*7 A 5 = =3"ir7K 7!.r>u 

[0 0 3 8] »^g|5 4 i4IEffi 3i^S6t OTffi»S-BS C 



(5) 

7 

[0 0 3 9] 

ISJfe^d 1 ] L i i.i M n i.9 O* & 1 0 0 w t %, r h 
7^ Ky->7>^5 Ow t%fftU M?U(lT2 0fR 
«i$ L/c t 1 2 0 C C t 2 B$r B m«t ^ : i # B H B 
#£*L*&&$*fcL i ... Mn,., O, 

Mni. 9 0<£r95wt%, 4 0 L i 2 O- 3 5 Bi Os - 10 
25LiNbO«fc5wt%fftU Ztl\£tfy??7 
— /u£ 5 w t %, >f y/p tVuTVUn— /u£ 2 5 w t % 

[0 0 4 1 ] y-$rffll^T K^-^U- Kfe 

*liK:*51^TttL i .., Mn,.9 04<03V5fiSft«ft«Sr. 

[0 0 4 2] L i i.3 A I 0.3 T i i.- ( P 0< ) 3 * 
100wtl rh7>F^r > > 7>^50wt 20 
U *«ICT2l*inJ!#Lfcftl 2 0°CT'2B$rflKj»t 

..3 A 1 o.3 T i 1.7 (Pa) a 2r»fc 0 

[0 0 4 3] MIOyy^^jkm^fcL i ,.3 
A 1 0.3 Tii.? (POO 3 H0wtl 40L i : 0 
-35B : O3-25LiNbO 5 ^10w t%|FiU 

— ^Sr2 5w t%JOx.T, iSSI?#-vU$/UT*3 O^jf 

[0 0 4 4] :^7y-^ffl^TK^-7V-Kfe 30 

[0 0 4 5] jESx-A B*MHm^-:7\ ft«f- 
^ill, ffi#Lfc«L 6 5 0X:V3f^mHSMmL 
fco Stei^t^Xtt30X 3 0mmt\ J¥£teIES 
* s 1 0 0 ju rru BftWMta* 10/im, i 0 0 » 

m<D^ f+2 1 0 it m-efoofc 0 

[0 0 4 6] IE^fflioJ:I>^SiKfJ(C#^^/N^^ y >^ 

1 mm , ^MM 3 

5 X 3 5mmC0^ e y ^ U^#|£tt«>i&J^ Htt<E>7VU 

^ - ^>^1Si^XtiE*t 5 r t tiftf«f I its- 40 

[0 0 4 7] 

[SS609 2] L i i.i Mn,, O^100wt%'f h 
7^ h*v->5^*5 0w t%#*U MrUi-T 2 0#Fp1 
*#Lfc*l 2 O c CT20#F^^-r5^ irl^i^}. 
I<Oy!l*S:ftfe^jfttLi... M n 1.9 0« SrW 
fc c 

[0 0 4 8] **H->y*Sr{b*»*$*fcL ili M 
n, 9 04 5r9 5wt%, 4 0 L i 2 O— 3 5 Bi Os - 2 
5L i NbOs£5\v t%#*U rhl:^U7°f 7- 50 



4#BH 2001-2 1 0374 
8 

5 w t °/ 0> >f y7°D tf7U7Vl/=i — /U£ 2 5 w t %M 

[0 0 4 9] ft|;i N L i ,.32 T i 0< £ 1 0 0 w t 
%, 7^7^ 1**1/1/7 5 Ow t%ffiU UV^ 
B8jWL*AS5 > ^a^T2«FPfllfJf Lfcftl 2 0°CT2B# 

fcL i . 33 T i ,.« o, Srt#fc 0 

[0 0 5 0] ^ H 9 H Sy y ^ ^ftfg^ ? 1 1 L i ,33 T 
i 1.0 O4 £ 9 5 w t %. 4 0 L i 2 O — 3 5 B 2 O3 - 2 
5LiNb03^5wt%fliL, ZtHztfyy^y- 
/u£r 5 w t %, 4 77 9 p fcVl'TA'^ — /U£ 2 5 w t %JD 

Lfcc r(7)X7!l-^ffl^TK^^-7V-Kffit:J:^ 

[0 0 5 1] #{^L i i s A 1 0.3 T i 1.7 ( P 0« ) 3 Sr 
] OOwtl fVy ^ h^i/i/y^i 5 0 w t %#4 
U *»l-T2B*IW«#Lfc«l 2 0 c CT2«it 

t - 3 A 1 0.3 T i ,., (pa) i*r»fc Q 
[0 0 5 2] y*Srft*ig^S*fcL i .3 

AU.3 T i I.? (PO, ) 3 9 0 w t % N 4 0 L i 2 O 
-35B 2 0 3 -25LiNb03?rl Owt 

:tii:*ii^7^5w t%, yy°a tvur^^r 

-/i-Sr 2 5w t%SD^T, glI^uK^3 0M 
WL*7 y-^p^L/c 0 :^77y-^^TK^ 

[0 0 5 3] Effix-7\ @»«r-7°, Affix- 
:/Sr8l/gU JE«Lfcm, 6 5 0°CT 3 BtrafRj&ffiL 
fc 0 SUSiaWXllaOxaOmmT*, i?^[ijEffi 
# 1 0 0 v m, BfcCffff££ 10/im, 100/i 
mO, |+2 1 0 ju mTfcofco 

[0054] Effiflijfcitjfftffiftji^Sr^^y ^ y >^ 

LTH«B£rJ&£Lfc&, rtffll3 1X31 mm, *MR] 3 
[0 0 5 5] 
[0 0 5 6 ] 

tm£jj&xm&mmwmm&\mLtz 0 

[0 0 5 7 ] 

fc 0 f^?rll 1^*1". 



[0 0 5 8] 



(6) 



2001-210374 



10 





(mAh/g) 


(n>Ah/g) 


<%) 




10 5 


9 1 


8 7 




9 9 


8 6 


8 7 




8 0 


3 6 


4 5 




8 2 


4 0 


4 9 



[0 0 5 9] Hi ^t>to^5«J: f l-7> h^r->-> 

ffij-*s»© •> y * Lfc r t (c <t <o , y ^ ? 

It T #ffi«gt^Sfi«T Ztztzfrb fflH £ n 5c 20 
[0 0 6 1] 

[««©»*] £ll±fl!>J:5fc, *!8M^«5@fl:**K 
*j £ u 5 B ft fMIK ro«t^ jjs-t wi&^s? s (c # fP B K co -> y 



[0 0 6 2] *fc^JMlKfl£5iS«WoftsfiiaE{tas«>o 
X h , SftK t #ftK© *> y * /5Hfc^*£-£ L T n -5 fc 

SSta SigJO-f 5 <D £■ mm X' # 5 . r ftlc «t <J $)M<D3tM 

[0 0 6 3] Sblc, Sftft*fcliHft:«»Ki:->y* 

[0 0 6 4] AD^T, «»*rJKj*i-4BBlC5 0 0 c CU± 
[HBBOAlii&KH] 

[ft-5§-w!£BJ] 

1 : jEffift, 2 : jE«£*S, 3 : IE®, 4 : fettA. 
5 : g#8«ff, 6 : AS. 7 : 8 : AS 



[El ] 



8 ftSft 




4 ttHSP 



7oy f^-v^jj^t 



(7) #^2 0 0 1 - 2 1 0 3 7 

(72)3S91# *** IS (72) %£W% an tK 

M««tSflSW^3T@5« JSC SS5fl?tB*8l5flWBr3t^3TB5#il!s 

F^-A(#%) 5H029 AJ03 AJ06 AK03 AL03 AMI 2 
BJ04 BJ12 DJ09 DJ16 DJ17 
DJ18 EJ05 HJ02 



